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PROPERTIES  AND  CHARACTERISTICS 
OF  ALUMUJUK  EXPLOSIVES 

-USSR- 

[^Following  is  the  translation  of  an  article  entitled 
"Svoystva  i  osobennosti  alyuminiyevykh  vzrychatykh  veshehestv" 
(English  version  above),  by  Candidate  of  the  Physicamathematical 
Sciences  S,  B.  Rainer  in  Gornvv  Zhurnal  (Mining  Journal),  Vol.  121, 
No.  5,  Moscow,  1947,  pp  21-25.3 


As  regards  the  amount  of  oxidation  energy  per  unit  of  weight, 
aluminum  occupies  one  of  the  first  positions  among  the  elements. 

The  combustion,  of  aluminum  produces  AlyO-j.  The  energy  of  formation 
for  this  oxide  (from  metallic  aluminum  and  molecular  oxygen  in 
the  gaseous  state)  is  equal  to  390  kilo-calorie s/mole ,  or  7.2.  kilo¬ 
calories  par  gram  of  aluminum.  Until  very  recently  it  was  thought 
that  in  an  explosion,  aluminum  oxide  was  produced  in  solid  form. 

Not  long  ago,  however,  the  possibility  of  its  evaporation  has  been 
indicated  (l) .  This  requires  the  expenditure  of  about  120  kilo- 
calories/uole,  which  decreases  by  one- third  the  energy  of  combustion 
of  aluminum.  The  boiling  point  of  AlgO^  under  the  conditions  of 
a  detonation  wave  reaches-  roughly  5000°'.  Consequently,  an  appreciable 
portion  of  the  aluminum  oxide  can  evaporate  in  an  explosion,  and  this 
will  alter  considerably  the  explosive  properties  of  a  mixture. 

The  most  important  class  of  aluminum  explosives  is  the  ammonal 
group.  Let  us  examine  the  simplest  case,  in  which  the  mixture  con¬ 
sists  of  81.5%  ammonium  nitrate  and  18.5%  aluminum  (in  practice  one 
should  employ ‘80/20  ammonal,  since  crushed  aluminum' contains  as 
much  as  10%  inactive  impurities,  mainly  aluminum  oxide).  Such  a 
proportion  of  ingredients  insures  a  null  oxygen  balance  according  to 
the  reaction: 

211  +  3NB4NO3  AI2O3  +  6H20  +  3%  +  Q 

In  the  case  where  solid  aluminum  oxide  is  formed,  the 
pcplosive  energy  (Q)  is  equal  to  1680  kilo-calorie s/kilogram 5  with .  j 


_  1  „ 
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with  all  of  the  other  mixtures  containing  1 8%  aluminum.  In  intro¬ 
ducing  aluminum  into  a  mixture  not  having  a  positive  oxygen  balance, 
the  loss  of  -some  energy  in  the  quantity  of  original  fixture  removed, 
must  be  taken  into  account.  Thus,  for  example,  high  explosives,  to 
which  aluminum  is  often  added,  have  an  explosive  energy  of  about 
1000  kilo-calorie s /kilogram .  The  introduction  of  1  gram 'of  aluminum 
results  in  the  additional,  loss  of  1  kilo-calorie. 

If  the  introduction  of  aluminum  in  general,  affects  favorably 
the  energy  of  an  explosion,  the  same  may  not  be  said  of  its  influence 
on  the  second  physico-chemical  factor  which  determines  explosive 
properties,  i.e. ,  on  the  volume  of  the  products  of  an  explosion.  In 
particular,  80/20  ammonal  gives  off  gases  at  700  liters/kilogram 
approximately,  while  the  ordinary  explosives  without  aluminum  give  ■ 


off  up  to  1000  1 i ter s/kilogram .  This,  fact  must  be  emphasised  in 
connection  with  the  erroneous  position  taken  by  Kuraour  (2).  Even 
assuming  that  aluminum  oxide  is  formed  in  the  solid  state,  he  asserts, 
the  addition  of  aluminum  does  not  reduce  the  volume  of  gas  for  explo¬ 
sives  having  a  negative  oxygen  balance. 


Pagacitv  and  Brlsahce 

The  effects  of  the  addition  of  aluminum  on  the  basic  sxplo-  - 
give  characteristics  of  ammonium  nitrate  mixtures  are. given  in  the 
data  (see  note)  of  Table  I.  (Note:  These  experimental  data,  as 
well  as  those  which  follow  without  the  mention  of  their  source,  are 
taken  from  the  work  of  S,  B,  Rainer,  T.  I.  Savel’yeva,  and  lu.  B. 
Khariton,  Institute  of  Physical  Chemistry  of  the  Academy  of  Sciences 
of  the  USSR) 
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TABLE  I,  Brisance  and  fugacity  of  sosse.  amoniura 
nitrate  mixtures 
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Mixtures  containing  even  a  part  of  the  aluminum  necessary  to 
bind  the  additional  oxygen  in  the  ammonium  nitrate  yield  a  greater 
fugacity  than  the  ordinary  compounds  without  aluminum.  This 
quantitative  index  is  especially  important  (it  is  over  500  cek) 
for  the  double  mixture  of  80/20  ammonal,  the  null  oxygen  balance 
of  which  is  wholly  assured  by  its  aluminum  content. 

Such  figures  for  the  fugacity  are  attainable  with  a  few  of 
the  powerful  compounds  --  for  example,  nitroglycerine  and  hexogen, 
whose  decomposition  energy  is  close  to  1500  kilo-calories/kilogram. 
If  one  takes  into  consideration  that  the  maximum  energy  of  80/20 
ammonal  is  greater  than  1500  kilo-calorie s/kilogram ,  then  the 
fugacity  effect  of  this  mixture  is  not  so  surprising.  Its  brisance 
effect,  however,  which  differs  little  from  that  of  substance  having 
half  again  as  much  energy,  seems  unexpected  from  the  standpoint  of 
formal  energy  considerations. 

The  brisance  and  fugacity  of  explosives  cannot  both  be 
determined  by  the  temperature  of  the  blast.  The  fugacity  effect  is 
a  consequence  of  the  prolonged  action  in  an  explosion  (for  example, 
the.  formation  of  a  funnel  In  the  test  block,  as  in  Trauzl*s  method) $ 
in  this,  the  energy  of  the  blast  is  utilized  to  the  fullest  possible 
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*~|extent.  The  brisance  effect,  on  the  other  band,  is  determined 
over  a  very  small  period  of  time  in  the  explosive  action  (as  in. 
the  fragmentation  and  compression  within  the  crusher  gage,  i.e,, 
the  test  of  Hess  or  Hast,  and  others) 5  this  is  mainly  the  result  of 
the  application  of  maximum  pressure.  Thus,  if  additional  energy 
is  released  in  the  other  stages  of  an  explosion,  it  may  appreciably 
affect  the  fugaoity  effect,  without  having  any  important  influence 
on  the  brisance.  Consequently,  the  brisance  of  an  explosive  does 


not  correspond  to  its  fugaoity. 

For  the  ammonals ,  such  a  divergence  had  already  been 
indicated  in  the  well-known  work  of  Hast  (3),  who  writes :  "The 
brisance  of  ammonal  cannot  be  compared  to  that  of  such  powerful 
aromatic  nitre  compounds  as  picric  acid  and  trinitrotoluene .  Its 
fugaoity  effect,  however,  in  a  block  of  moderate  hardness  and  with 
tight  packing  is  considerably  greater  than  for  the  above  .mentioned 
compounds,"  (page  344) 


It  o&n  be-  seen  from  Table  I  that  the  disparity  between 
fugaoity  and  brisance  has  teen  observed  for  80/20  ammonal.  To 
explain  this,  it  is  necessary  to  find  the  link  in  the  process 
at  which  there  is  a  gradual  release  of  heat.  In  going  about  this, 
two  possibilities  must  be  indicated;  1)  The  evaporation  Find 
consequent  condensation  of  the  aluminum  oxide j  2)  The  gradual  entry 
into  the  reaction  of  metallic  aluminum j  In  addition,  to  this,  the 
decreased  amounts  of  gases  in  the  aluminum  explosives  could  have 


some  importance. 

Ratner  and  Khariton  (1)  hold  the  view  that  if  sufficiently 
granulated,  aluminum  oxidizes  practically  until  the  expansion  of 
the -explosive  products.  However ,  the  speed  of  detonation  of  a  mixture 
i.s  unaffected  try  that  part  of  the  energy  which  is  contained  in  the 
vaporous  aluminum  oxide  in  the  form  of  heat  of  sublimation.  But 
later  on,  during  the  process  of  expansion,  the  temperature  drops  and 
the  .aluminum  oxide  solidifies.  This  is  accompanied  by  the  release 
of  the  heat  of  condensation  and.  Increases  the  fugaoity  effect,  since 
it  assists  in  the  maintenance  of. the  temperature  and  pressure  of 
the  other  gaseous  components  (HgO,  Sg  and  others) .  Therefore  the 
addition  of  aluminum,  which  leads  to^a  significant  increase  in  the 
fugaoity  effect,  can  result  only  in  a  less  noticeable  (frequently 
insignificant)  increase  in  the  speed  of  detonation,  and  hence  in 
the.  brisance. 


The  second  possibility  is  quite  conceivable,  since  not 
all  of  the  aluminum  particles  added  to  an  explosive  are  equally 
fine.  In  this  context,  we  should  mention  the  extreme  view  taken 
by  Kast  (3) >  according  to  which  the  oxidation  of  all  the  aluminum 
is  a  secondary  process  occurring  during  the  expansion  of  the. 
products  of  the  explosion.  Muraour  also  holds  that  in  explosives 
of  the  ammonal  type,  the  aluminum  has  its  effect  only  after  the 
| passing  of  the  detonation  wave,  and  that  the  heat  released  in  the 


4 


combustion  of  the  alminum  merely  retards  the  cooling  of  the  I 

gases.  But  if  this  were  indeed  the  case  as  K&st  and  Kuraour 
describe  it,  then  the  energy  of  oxidation  of  the  aluminum  would 
not  affect  the  speed  of  detonation,  which  would  be  the  cams  for 
the  double  mixture  of  aluminum  with  ammonium  nitrate  as  for  pure 
ammonium  nitrate.  Experiment  shows  the  error  of  last's  hypothesis: 
the  speed  of  detonation  for  80/20  Ammonal  at  a  density  of  1  gram/cim* 
is  equal  to  4  kilometers/see ,  but  for  ammonium  nitrate  (urder  the 
same  conditions)  it  does  not  exceed  2.5  kilometers/ sec .  The  same 
relationship  likewise  holds  for  the  brisanoe. 

Indubitably,  the  large  particles  of  aluminum  react  longer 
than  the  small.  However,  this  is  not  a  specific  characteristic 
of  aluminum  or  the  other  Metallic  additives.  Such  a  M serial B 
effect  i-sist  tales  place  in  the  detonation  of  all  explosive  mixtures 
containing  non-explosive  ingredients  (for  example ,  peat) .  This  is  . 
indeed  the  reason  for  the . generally  known  fact  that  •  the  bri  05Cj.ce 
of  such  mixtures  is,  as  a  rule,  comparatively  smaller  than  their 
fugacity,  if  they  are  compared  with  homogeneous  explosives  with, 
equal  energy  and  volume,  of  gases  discharged. 

Finally,  the  third  reason  for  the  observed  disparity  lies 
in  the  effect  observed  by  A.  F,  Belyayev  (4) ,  of  the  degree  of 
expansion  of  the  products  of  an  explosion  on  the  work  it  performs. 
According  to  Belyayev,  the  fugacity  effect  corresponds  to  the 
large  degree  of  expansion,  which  results  in  the  optimum  employment 
of  energy;  the  brisanoe  effect  corresponds  to  a  small  degree  of 
expansion*  Insofar  as  the  products  of  an  explosion  serve  as  the 
carriers  of  energy,  a  small  number  of  them  results  in  a  small 
brisanoe -effect,  even  in  the  presence  of  a  rather  large  energy 
potential  in  the  explosive.  Since • aluminum  mixtures  are  charact- 
rised  by  a  rather  small  volume  of  gaseous  products,  they  have  a 
particularly  large  disparity  between  the  brisanoe  and  fugacity 
effects. 

In  this  way,  all  three  factors  are  directed  toward  the  same 
result.  The  two  latter  reasons  must  be  operative  for  any  of  the. 
aluminum  explosives;  an  even  change  in  the  proportion  of  the 
ingredient*?  should  evoke  an  even  change  in  the  correlation  between 
the  brisanoe  and  fugacity. 

On  the  other  hand,  the  reason  indicated  by  Katner  and 
Khariton  is  somewhat  original.  It  occurs  only  at  high  temperatures, 
since  otherwise  aluminum  oxide  will  begin  to  appear  In  the  solid 
form  even  before  the'  expansion  of  the  products  of  the ' explosion. 

In  ammonals  of  low  caloric  potential,  the  beat  of  condensation  for 
the  aluminum  oxide  must  influence  both  the  brisanoe  and  fugacity 
effects.  The  correlation  between  them  will  turn  out  to  be  completely 
different  than  in  the  case  of  the  powerful  ammonals,  for  which  the 
aluminum  oxide  quickly  evaporates  in  the  detonation  wave,  to  condense 


|"only  later  in  the  expanding  products  of  the  explosion.  1 

Tins  is  the  main  reason  producing  the  disparity  between 
the  br'isanc©  and  fugaclty  effects  of  powerful  aluminum  explosives, 
this  fact  being  proven  by  the  data  presented  in  Table  2.  It  shows, 
together  with  the  facts  presented  above,  that  increases  in  br Isaac© 
decline  sharply  for  the  ammonals  with  the  addition  of  aluminum  oxide 
above  10&. 


of  Aluminum 


The  employment  of  an  admixture  o; 


aluminum  to  any  explosives 
is  most  effective  when  their  fugaclty  effect  is  being  utilised j  and 
in  the  case  of  the  low-energy  explosives,  when  they  are  utilised  for 


their  'brass nee  effect. 


In  actuality,  the  temperatures  reached  in  the  explosion  of 
low-calorie  aluminum  explosives  are  insufficient  to  vaporize  the 
aluminum  oxide.  The  latter  forms  in  the  solid  state,  releasing 
the  energy  of  condensation  at  the  wave-front.  There  must  be  no 
disparity  between  the  bris&nce  and  fugaoity  for  these  mixtures « 

But  just  where  is  the  borderline  between  these  two  groups 
of  explosives?  As  long  as  the  exact  calculation  of  either  the 
temperature  of  the  aluminum  oxide  in.  the  detonation,  or  the 
temperature  of  the  explosion  is  impossible,  this  question  must  be 
answered  empirically.  Let  us  look  at  some  examples. 

In  Table  2  are  given  the  experimental  figures  for  the 
brisah.ee  and  fugaelty  of  the  simplest  ammonals  end  amatols  containing 
varying  quantities  of  aluminum  or,  correspondingly,  trotyl.  It  is 
interesting  to  compare  these  data  with  the  corresponding  figures 
for  the  explosive  energy,  given  in  the  same  table. 
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Comparison  of  fugacity,  brisanoe  and.  energy  of  the 
simplest  ammonals  and  amatols 


Fugacity  by 
the  Trawzl 
method*  in  cm' 


Brisanoe  by  the  Hess 
method,  in  mm. 


t  *!*  vfnnJowWHftwajMiWr  i M. «- 


Energy  of  explosion., 
in  kilo-calories/ gsa  * 


t.i  f  tCiliu  nf  • 


¥eigirt-50gmj  Vfeight-200  gm,|  (See  Note  1)1 
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Note  1:  Figures  for  the  energy  of  the  ammonals  are  rounded  off  to 
the  lower  decimal  digits,  since  aluminum  contains  in&ctiw 
impurities. 

Note  2s  The  number  in  parentheses  are  not  achieved  because  of  the 
high  explosive  temperatures  of  the  corresponding  ammonals, 
which  do  not  insure  the  evaporation  of  the  aluminum  oxide 
formed  in  the  wave. 


The  brisanee  and  fugacity  are  correspondingly  close  to  one 
another  for  the  equienergetie  mixtures  in  those  eases  where  solid 
aluminum  oxide  is  produced.  Occupying  a  special  place  is  80/20  ammonal 
since  the  value  for  its  brisanee  exceeds  by  a,  small  amount  that  of 
90/10  ammonal  and  80/20  amatol.  It  is  obvious  that  the  explosion  of 
80/20  ammonal  is  accompanied  by  high  temperatures,  with  the  aluminum 
oxide  being  produced  in  the  gaseous  state.  The  corresponding  values 
for  the  energy  appear  in  the  last  column  of  Table  2.  The  figures  in 
■parentheses  (for  mixtures  with  a  low  aluminum  content)  are  not 
achieved  because  of  the  low  explosive  temperatures  of  these  ammonals, 
which  do  not  insure  the  evaporation  of  the  aluminum  oxide. 


r 


'  It  follows  from  the  data  of  Table  2  that  the  practical  limit 
for  the' brisance  effect  is  reached  when  the  aluminums  content  in  the 
ammonal  :1s  about  10$, 

It  dan  be  concluded  in  general,  that  the.  addition  of  aluminum 
does  not  increase'  the  bri sauce  of  - those  mixtures 'whose  original 
explosive  energy  exceeds  1000  kilo~calories/kilogram.  It  seers  to 
be  the  case  that  a  mixture  of  such  an  energy  produces  a  temperature 
which  almost  assures  the  possibility  of  significant  evaporation  of 
the  aluminum  cod.de,  ao,  for  example,  in  the  explosion  of  90/10  - 

ammonal 4  The  Introduction  of  any  combustible  material  (among  them 
aluminum)  into  an  equienergetic  mixture  produces -a  higher  temperature 
in.  the  detonation  wave,  at  which  the  process  of  evaporation  increases. 
This  increase  is  larger,  the  greater  the ' admixture  (within  certain 
limits,  until  the  oxygen,  needed  to  oxidise  the  aluminum  is  used  up). 
This  is  the  reason,  why  the  hidden  heat  of  condensation  of  the  aluminum 
oxide,  whose  release  constitutes • the  basic  advantage  of  aluminum, 
mixtures,  cannot  be  employed  to  increase  the  brisance  of  powerful 
explosives* 

Let  us  examine  in  this  light  the  divergence  between  the 
correlation  cf  fuga.citi.es  in  Transits  bomb,  and  their  effectiveness 
in  the  bore-hole *  which  are  observed  for  the  aianonals  fsee  noiej 
of  Bikhel*  .72/23*5/4*5  (brown  coal)  in  comparison  with  the  corres-  - 
ponding  Dynaarnnon.  According  to  Yemen,  Bjrurlo,  end  Lekorshe  (5), 

■the  fugacity  of  this  mixture  in  Tran2l!s  bomb  is  60%  greater  than 
that  of  coal  Dyn^aoru  The  .authors  make  this  .coxmeiAt  nIt  turned 
but  in  practice*  however,  that  the  addition  of  aluminum  produces 
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There  is  nothing 


o  grve  an. 


only  a  small  increase  in  u: 
incorrect  explanation  for  this  discrepancy, 
puzzling  about  the  latter  effect,  since  the  process  of  crushing 
within  the  bore-hole  must  be  connected  mainly  with  the  brisance  and 
not  the  fugacity*  Furthermore,  we  have  in  mind  the  action. of 
explosives  in  a  hard  medium.  As  far  as  extraction  work  is  concerned, 
it  is  tied  up  mainly  with  the  fugacity .  Our  considerations  are  in 
•agreement  with  the  words  of  East  cited  above,  which  speak  of  "a 
fugacity  effect  in  a  block  of  moderate  hardness  with  tight  packing,” 
(Hot/©;  Henceforth  we  shall  designate  the  percentage  composition  of 
the  ammonals  by  giving  first  the  percentage  of  ammonium  nitrate, 
secondly  the  percentage  of 'aluminum,  and  finally'  that  of  an  additional 
component.  The  name  of  the  latter  is  given  in  parentheses,  if  it 
is  unclear  from  the  text.) 

It  is  perfectly  comprehensible  that  the  fugacity  of  Bikhel’s 
'ammonal  is  much  greater  than  for  the  corresponding  Dynammonj  but 
its  brisance,  which  produces  the  shattering  effect,  cannot  show  a 
similar  increase,  since  the  aluminum  oxide  will  certainly  evaporate 
in  the  wave  front  in  the  explosion  of  a  powerful  ammonal. 
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The  literature  on  the  subject  has  very  little  data  on  the 
composition  of  aluminum  mixtures  employed  within  recent  years. 

Of  the  sore  recent  works,  in  addition  to  the  above-mentioned 
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2%  aluminum,  5%  naphthalene  and  A%  peat,  or  wood  meal,  and  has  come 
into  use  within  the  last  few  years. 

In  the  literature  in  Kaot  (3),  for  example  ye  find  numerous 
recipes  employed  before,  during,  and  after  World  War  I  in  civilian, 
as  well  as  in  military  industry.  No  general  description  of  these 
mixtures  -may  be  given,  since  the  proportional  content  of  their 
ingredients  covers  a  wide  range.  For  example,  in  a  single  country 
(Australia),  in  explosives  used  in  just  one  type  of  work  (in  mines 
containing  no  fire-damp) ,  the  -three  components  of  the  ammonal 
varied  over  the  following ' ranges t  #0-90$  for  the  ammonium  nitrate, 
4-1 8$  for  the  aluminum,  and  2-6%  for  the  coal.  There  was  a  trend 
in  the  world  mining  industry,  due  to  the  high  cost  of  aluminum, 
to  employ  mixtures  with  small  quantities  of  this  element  (containing 
about  5%  aluminum,  and  up  to  10$  of  a  combustible  substance  or 
nitre  compound) .  There  were  mixtures  employed,  however,  repre¬ 
senting  the  other  extreme,  with  an  aluminum  content  of ■  up  to  2% 
(with  the  quantity  of  coal  reduced  up  to  2$) .  Such  a  substance 
is  the  above-mentioned.  72/23.5/4.5  mixture  of  Bikhels  which  has 
become  generally  accepted  because  of  its  increased  fugacity.  The 
mining  industry  -has  also  frequently  employed  mixtures  with  medium 
quantities  of  aluminum,  such  as  the  English  ammonals 'of  Fyurer 
yhiesrerf  having  the  composition  68/15/17  (trinitrotoluene) . 


The  last  two  categories 


f  recipes  (rich  in  aluminum)  were 


most  widely  used  in  the  military  industries. 

Such  ammonals'  are  characterized  by  a  distinctly  negative 
oxygen  balance.  The  aluminum  in  them  oxidises  mainly  at  the  expense 
of  depriving  the  other  ingredients  of  oxygen,  resulting  in  the  loss 
of  their  heat  of  oxidation. 
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Of  a  totally  different  character  was  the  alumatol  concocted  | 
in  England,  which  contained  only  2>%  aluminum  (and.  IStp  trinitroto¬ 
luene)  >  and  had  a  null  oxygen- balance.  Close  to  this  mixture  are 
the  ammonals  (Table  3)  established  in  GOST  Gosudarstvennyy 
Obshchesoyuzcyy  Standart  —  All-Union.  Government  Standard  of  the 
USSR  No.  4117  for  use  in  civiliar  industry. 


TABLE  3.  Composition  of  ammonals  established  by  GOST  No.  4117 


Ingredients 


Ammonium  nitrate 
Aluminum 
Trinitrotoluene 
Xylyl 
Wood  meal 
Rosin 


%  Content 
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4 

5  1 
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2 

The  first  two  mixtures  have  an  almost  null  oxygen  balance j 
3  and  4  have  a  positive  oxygen  balance ;  5  and  6  have  a  negative 
oxygen  balance . 

Ease  of  Detonation.  The  Influence  of  Aluminum  Dispersion 


The  evaluation  of  the  possible  effectiveness  of  mixtures 
depends  not  only  on  the  energy  and'  volusna  of  the  released  products 
of  the  explosion,  i.e« ,  on  the  chemical  composition  of  tbs  mixture, 
but  also  on.  the  physical  structure  of  the  charge  (diameter,  tight¬ 
ness  of  packing,  fitness  of  granulation) .  The  latter  factors . 
strongly  affect  the  ease  of  detonation,  i.e.,  on  the  explosive 
capability  and  stability. 

On  the  question  of  the  influence  of  aluminum  on  the  ease 
of  detonation,  the  opinion  prevails  which  had  already  been  stated  by 
Sukharevsky  (/7)  t  "Its  addition  heightens  the  detonation  capability" 
(page'  3.98).  In  addition  to  this,  some  authors  have  based  practical - 
conclusions  on  this  position.  Thus,  for  example,  according  to 
Yeneri,  Byurlo,  and  Lekorshe  (5),  "the  ease  of  detonation  increases 
if  aluminum  is  present  —  an  interesting  property  from  the  stand¬ 
point  of  possibly  improving  explosives"  (page  43w.  The  authors 
base  this  conclusion  on  the  results  of  the  v?ork  carried  cut  by  the 
French  Commission  on  Explosives  (in  1903),  but  they  do  not  cite  the 
.relevant  facts. 
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Nevertheless ,  the  experimental  facts  (Table  4}  definitely 
show  that  the  presence  of  aluminum  does  not  in  itself  improve 
the  esse  and  stability  of  detonation  for  the  ammonium  nitrate 
mixtures |  with  comparable  dispersion,  trinitrotoluene  is  more 
effective  than  aluminum* 


TABLE  4.  The  brisanee  of  ammonals  of  various  densities 
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The  stability  of  detonation  was  determined  by  comparing  the 
compression  produced  within  the  lead  crusher  gage  by  a  50  grain 
charge  (the  standard,  test  of  Hess)  and  that  produced  by  a  150  grata 
charge  cf  the  same  diameter  (40  rata ) »  The  necessity  of  such  a  com¬ 
parison  arises  from  the  fact  that  a  detonation,  having  once  started, 
can  proceed  a  short  distance  and  then  become  extinguished.  If  the 
hr  .Isaacs  of  the  longer  charge  increases,  then  the  detonation  is 
proceeding  evenly,  if  it  decreases,  the ’detonation  is  not  proceeding 
persistently.  Experiments  have  shown  that  for  ammonium  nitrate 
explosives,  the  lengths  of  the  charges  corresponding  to  the  above- 
mentioned  weights  (with  the  standard  diameter  of  40* ram  in  Bass’s 
test}  give  the  correct  results.  In  order  to  reliably  initiate  the 
detonation,  it  was  started  in  all  cases  by  a  capsule*  containing  a 
supplementary  detonator  (8  grams  of  pressed  trinitrotoluene) « 

It  can  be  seen  from.  Table  4  that  when  aluminum  and  tri¬ 
nitrotoluene  have  the  same  dispersion,  the  brisanee  of  the  ammonal, 
.not  containing  trinitrotoluene  (No  1)  is  worse  than  that  of  the 
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mixture  containing  the  same  quantity  of  trinitrotoluene  in  place  i 
of  the  aluminum  (No  2).  The  brisance  properties  of  ammonals  not 
containing  trinitrotoluene  increase  sharply  when  the  aluminum’  is 
more  finely  crushed  than  the  trinitrotoluene. 

Thus  the  question  of  the  ease  of  detonation  of  explosives 
cannot  be  divorced  from  the  question  of  the  fineness  of  the 
ingredients  in  the  explosive  mixture,  since  their  dispersion 
determines  the  reaction  time.  Increasing  the  dispersion  of  aluminum 
-  produces  a  more  stable  detonation.  For  example  (see  Table  4} ,  if  — 
the  detonation  does  not  proceed  persistently  , (mixture  No  1),  a 
uniform  detonation  may  be  brought  about  under  tbs  same  conditions 
(diameter  40  ram;  density  1.0  arid.  1,3  gm/crr.l),  by  replacing  a  part 
of  the  aluminum  powder  with  a  very  finely  ground  aluminum  powder 
(mixture  No  3)« 

The  excessive  fineness  of  aluminum,  however,  adversely 
affects  the  ease  of  detonation.  Such  an  effect  has  been  observed 
by  Apin  (&)  in  many  of  the  Dynaaaaons,  and  has  been  named  nhyper- 
pulverisatxon"  by  him.  In  Apia’s  opinion,  a  large  quantity  of 
minute  particles  of  the  combustible  substance  almost  completely 
envelops  the  nitrate  and  retards  its  decomposition,  without  which 
the  detonation,  cannot  proceed .  Analogous  considerations  have  been 
put  forth  by  Kast  ( 3} >  in  his  investigation  of  aluminum  explosives. 

The  phenomenon  of  hyperpulverisation  in  the  ammonals  has  been  experi¬ 
mentally  observed  in  a  series  of  projects  carried  out  at  the  Institute 
of  Physical  Chemistry  (1943-1945).  For  example,  it  has  been  estab¬ 
lished  for  the  simplest  ammonals  containing  large  amounts  of  aluminum 
(e.g.,  60/40),  in  which  all  of  the  aluminum  is  in  the  form  of  a  very 
fine  powder,  that  they  detonate  in  a  worse  manner  than  in  cases  where 
the  greater  part  of  the  fine  powder  is  replaced  by  a  coarse .alu¬ 
minum  oovder. 


Sonia  Other  Properties  of  Aluminum  Explosives 


Let  us  examine  briefly  some  of  the  other  properties  of 
aluminum,  explosives. 

The  hygroscopic  and  caking  properties  of  this  group  of 
explosive  mixtures  are  determined  by  the  corresponding  characteristics 
of  their  components.  In  particular,  the  ammonals  differ  little  in. 
these  qualitative  indices  from  the  other  ammonium  nitrate  explosives, 
which  constitute  one  of  their  major  drawbacks. 

In  the  employment  of  the  substances  of  this  group  in  cake  form, 
it  is  necessary  to  keep  in  wind  the  ability  of  ammonium  nitrate  to 
pass  into  a  crystalline  state  with  a  differing  specific  weight  at  32°. 

With  regard  to  the  chemical  stability  of  the  aluminum 
explosives,  it  Is  the  prevalent  view  that  the  aluminum  contained 
.in  them  tends  to  oxidize  gradually  (this  is  especially  true  for  the  , 
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mcxmsXs) .  This  ssust  lower  the  ease  of  detonation,  in  contrast  I 

with  the  usual  instances  of  chemical  instability,  which,  are 
connected  with  the  decomposition  of  nitro  compounds  and  increase 
the  possibility  of  premature  explosion. 

The  ignition  temperatures  for  the  ammonals  and  amatols  are 
doss  to  one  another  (220®  for  ths  first  case,  <£l0°  for  tne  second)  * 

Percussive  (and  frictional)  sensitivities  of  aluminum  explosives 
have  not  been  precisely  determined  due  to  the  lack  of  reliable  testing 
techniques.  The  ordinary  test  of  last  carried  out  on  copra  yields  ^  _ 
a  distribution  of  values  ranging  over  a  power  of  10.  The  introduction 
of  &  method  for  obtaining  the  relative  percussive  sensitivity  by 
alternating  the  test  explosive  with,  a  standard,  has  yielded  uniform 
results  which  show  the  relatively  big?:!  sensitivity  of  the  aluminum 
explosives*. 

The  strong  influence  of  moisture  on  the  detonative  stability, 
of  80/20  ammonal  (Table  5)  for  example,  seems  to  be  a  consequence 
not  only  of  the  large  hygroscopic  tendency  of  ammonium  nitrate.  It 
must  be  supposed  that  the  ease  of  detonation 
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of  an  ammonal  may  turn  out  to  ba  worse  than  that  of  conpositionally 
analogous  Dynanunona  (including  peat,  coal,  and  other  porous 
substances),  with  the  same  moisture  content*  This  phenomenon  arises 
from  the  fact  that  all  other  conditions  being  similar,  the  moisture 
absorbed  by  the  Dynarsaoa  is  divided  between  the  ammonium  nitrate  and 
the  combustible  material,  the  greater  porosity  of  the  latter  aiding 
in  lowering  the  moisture  content  of  the  nitrate  £see  note  j «  As  long 
as  the  detonative  process  of  the  ammonium  nitrate  explosives  which 
do  not  contain  explosive  ingredients  apparently  begins  with  the 
decomposition  of  the  nitrate,  such  a  distribution  of  the  moisture 
can  have  considerable  significance.  (Notes  Analogous  considerations 
and  other  facts  may  be  found  in  the  domestic  Soviet  lieterature  5 . 
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That  is  why  the  ammonals  without  any  explosive  ingredients 
(trinitrotoluene ,  xylyl)  whatever  cannot  be  recaroBndetl,  '  From  this 
standpoint  the  series  of  ammonals  established  by  GOST  (see  Table  3) 
is  to’ be  favorably  regarded.  However,  the  indicated  quantities  of 
aluminum  and  trinitrotoluene  (xylvl)  could  be  transposed  without 
m  observable  loss  in  the  i&oisture  resistance ,  but  with  an  advan¬ 
tageous  increase  in  the  fugaoity. 

In  conclusion,  let  us  mention  a  few  interesting  facts  in  the 
field  of  investigation  concerned  with  the  explosive  mixtures  of 
aluminum  with  inert  materials.  A.  A.  ShMlovskiy  (Moscow  Institute 
of  Chemical  Technology)  has  demonstrated  the  dstohative  capability 
of  a  mixture  of  almiii'Xi  with  water.  The  explosive  effect  is  weak, 
but  readily  apparent .  A  very  strong  sonic  effect  (but  low  brisance) 
was  registered  by  H.Kh.  Kurbangalim  and  Y.B.  Khariton  (institute 
of  Physical  Chemistry)  in  the  detonation  of  the  peculiar  mixture  of 
liquid  oxygen  with  powdered  aluminum. 


Conclusions 

1.  Aluminum  has  been  widely  used  in  explosive  mixtures  for  a 
long  time  because  of  its  high  combustion  energy.  However,  reference 
data  on  the  influence  of  aluminum  on  various  explosives  ars  highly 
contradictory , 

2.  Until  recently,  it  was  generally  accepted . that  aluminum 
oxide  forms  only  after  the  passing  of  the  detonation  wars,  and  then 
only  in  the  solid  state.  The  hypothesis  regarding  the  oxidation 

of  aluminum  in  the'  wave  front,  tbs  evaporation  of  the  aluminum 
oxide  in  the  explosion  of  powerful  mixtures,  and  the  consequent 
release  of  its  energy  of  sublimation  has  permitted  the  devising  of 
a  limber  of  experiments  and  the  analysis  of  the  existing  contradictions . 

3.  It  may  be  considered  proven  at  the  present  time,  that  the 
admixture  of  aluminum  greatly  increases  fugaeityj  increases  brisance 
to  a  lessor  extent  (this  effect  is  especially  weak  for  the  powerful 
compounds);  and  affects  the  ease  of  detonation  less  than  an  equal 
amount  of  an  explosive  additive  of  the  trinitrotoluene  type  for  equal 
degrees  of  fineness. 


4.  The  considerations  and  conclusions  stated  are  generally 
applicable  to  any  explosive  mixtures  containing  aluminum  or  other 
metals  analogous  to  aluminum  with  respect  to  energy,  for  example, 
magnesium,  fsrrosilicon,  and  others. 
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